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Description

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] The present disclosure relates to a wireless
power transmitter, and particularly, to a wireless power
transmitter capable of charging an electronic device in a
wireless manner.

Description of Related Art

[0002] As functions of a mobile terminal become more
diversified, the mobile terminal can support more com-
plicated functions such as capturing images or video, re-
producing music or video files, playing games, receiving
broadcast signals, and the like. By comprehensively and
collectively implementing such functions, the mobile ter-
minal may be embodied in the form of a multimedia player
or a device.

[0003] Terminals can be divided into mobile/portable
terminals and stationary terminals according to their mo-
bility. The mobile terminal is a portable device that can
be carried anywhere and have one or more of a function
of performing voice and video calls, a function of input-
ting/outputting information, a function of storing data, etc.
[0004] In orderto support and enhance such functions
of the terminal, it can be considered to improve configu-
ration and/or software of the terminal.

[0005] Inrecentyears, a mobile terminal which can be
wirelessly charged, without an adapter configured to con-
nect an external power to the mobile terminal for charging
of a battery, is being developed.

[0006] A wireless power transmitter, configured to
wirelessly charge the mobile terminal, is also being de-
veloped. In order to effectively reduce heat emission from
inside of the wireless power transmitter, a new structure
of the wireless power transmitter may be considered.

SUMMARY OF THE DISCLOSURE

[0007] Therefore, an aspect of the detailed description
is to provide a wireless power transmitter having an en-
hanced structure, and capable of cooling inside of a body
in a more efficient manner.

[0008] To achieve these and other advantages and in
accordance with the purpose of this specification, as em-
bodied and broadly described herein, there is provided
a wireless power transmitter, comprising: a body having
a coil module therein, and configured to transmit power
in a wireless manner; a blowing module configured to
cool the coil module by moving a fluid by convection; and
a guide module extending from the blowing module to
outside of the body such that the fluid from the blowing
module is discharged to outside of the body after cooling
the coil module, and having a shape corresponding to an
outer circumference of the coil module partially or wholly.
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[0009] Inan embodiment of the present invention, the
wireless power transmitter may further comprise a front
case and arear case which form appearance of the body,
and the guide module may be formed on an inner surface
of the front case.

[0010] In an embodiment of the present invention, the
coil module may comprise: a fixing plate fixed to the rear
case; and a coil disposed on the fixing plate.

[0011] In an embodiment of the present invention, the
front case may comprise protrusions configured to make
an electronic device for receiving wireless power spaced
from an outer surface of the front case when the elec-
tronic device is mounted on the outer surface of the front
case.

[0012] In an embodiment of the present invention, the
front case may further comprise an outer guide config-
ured to guide the fluid discharged from the blowing mod-
ule to be discharged to a space between the electronic
device and the outer surface of the front case through an
opening of the front case.

[0013] In an embodiment of the present invention, the
wireless power transmitter may further comprise a circuit
board having devices for supplying wireless power sig-
nals to the coil module.

[0014] In an embodiment of the present invention, the
guide module may comprise: a coil cooling portion con-
figured to cool the coil module; and a circuit board cooling
portion configured to cool the circuit board.

[0015] In an embodiment of the present invention, the
coil cooling portion may be formed in a ring shape to
enclose an outer circumference of the coil of the coil mod-
ule. One side of the coil cooling portion may be commu-
nicated with the blowing module, and another side there-
of may be communicated with the circuit board cooling
portion.

[0016] In an embodiment of the present invention, the
circuit board cooling portion may comprise a pair of ribs
protruding from an inner surface of the body.

[0017] In an embodiment of the present invention, the
wireless power transmitter may further comprise a pad
disposed between the circuit board and the circuit board
cooling portion such that heat generated from the circuit
board is transferred to the circuit board cooling portion.
[0018] In an embodiment of the present invention, at
least part of the pad may be disposed between the ribs.
[0019] In an embodiment of the present invention, the
blowing module may comprise: a housing; and a dia-
phragm configured to move up and down in the housing
when supplied with a voltage.

[0020] In an embodiment of the present invention, the
blowing module may be formed to be rotatable at a pre-
scribed angle with respect to the guide module, so as to
blow the fluid.

[0021] According to another aspect of the present in-
vention, there is provided a wireless power transmitter,
comprising: a coil module mounted in a body, and con-
figured to wirelessly charge an electronic device dis-
posed close thereto; a case which forms appearance of
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the body; a guide module formed to enclose the coil mod-
ule, and having an opening penetratingly-formed at the
case; and a blowing module communicated with the
guide module such that heat generated from the coil mod-
ule is discharged to outside of the body through the open-
ing.

[0022] In anembodiment of the present invention, part
of the guide module enclosing the coil module may have
aring shape.

[0023] In an embodiment of the present invention, the
wireless power transmitter may further comprise a circuit
board having devices for supplying wireless power sig-
nals to the coil module.

[0024] In an embodiment of the present invention, the
guide module may comprise: a coil cooling portion con-
figured to cool the coil module; and a circuit board cooling
portion configured to cool the circuit board.

[0025] In an embodiment of the present invention, one
side of the coil cooling portion may be communicated
with the blowing module, and another side thereof may
be communicated with the circuit board cooling portion.
[0026] In an embodiment of the present invention, the
circuit board cooling portion may comprise a pair of ribs
protruding from an inner surface of the body.

[0027] In an embodiment of the present invention, the
wireless power transmitter may further comprise a pad
disposed between the circuit board and the circuit board
cooling portion such that heat generated from the circuit
board is transferred to the circuit board cooling portion.
[0028] In an embodiment of the present invention, part
of the coil cooling portion contacting the coil module may
have higher thermal conductivity than other parts.
[0029] In an embodiment of the present invention, the
guide module and the case may be integrally formed with
each other.

[0030] According to the present invention, when an
electronic device is charged, heat generated from the
body of the wireless power transmitter can be controlled
more effectively, under a novel structure of the blowing
module mounted in the body, and the guide module for
cooling the circuit board.

[0031] Further scope of applicability of the present ap-
plication will become more apparent from the detailed
description given hereinafter. However, it should be un-
derstood that the detailed description and specific exam-
ples, while indicating preferred embodiments of the dis-
closure, are given by way of illustration only, since various
changes and modifications within the spirit and scope of
the disclosure will become apparent to those skilled in
the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this spec-
ification, illustrate exemplary embodiments and together
with the description serve to explain the principles of the
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disclosure. In the drawings:

FIG. 1 is an exemplary view illustrating a wireless
power transmitter and an electronic device accord-
ing to preferred embodiments of the present inven-
tion;

FIGS. 2A and 2B are block diagrams illustrating a
configuration of a wireless power transmitter 100 and
an electronic device 200 according to preferred em-
bodiments of the present invention;

FIG. 3 is a conceptual view illustrating that power is
wirelessly transmitted from a wireless power trans-
mitter to an electronic device by an inductive cou-
pling method;

FIG. 4A and 4B are a block diagram illustrating a
configuration of a wireless power transmitter 100 and
an electronic device 200 by an electromagnetic in-
duction method which can be applied to preferred
embodiments of the present invention;

FIG. 5 is a block diagram of a wireless power trans-
mitter having one or more transmitting coils for re-
ceiving power by aninductive coupling method which
can be applied to embodiments of the presentinven-
tion;

FIG. 6 is a conceptual view illustrating that power is
wirelessly transmitted from a wireless power trans-
mitter to an electronic device by a resonance cou-
pling method;

FIG. 7A and 7B are a block diagram illustrating a
configuration of a wireless power transmitter 100 and
an electronic device 200 by a resonance method
which can be applied to preferred embodiments of
the present invention;

FIG. 8 is a block diagram of a wireless power trans-
mitter having one or more transmitting coils for re-
ceiving power by a resonance coupling method
which can be applied to embodiments of the present
invention;

FIG. 9 is a block diagram of a wireless power trans-
mitter having an additional configuration as well as
a configuration of FIG. 2A;

FIG. 10 is a view illustrating a case where an elec-
tronic device 200 according to embodiments of the
present invention is implemented as a mobile termi-
nal;

FIG. 11 is afront perspective view of a wireless pow-
er transmitter according to an embodiment of the
present invention;
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FIG. 12 is an exploded perspective view of FIG. 11;

FIGS. 13A and 13B are perspective views of a front
case of FIG. 11;

FIG. 14 is a sectional view taken along line ’IV-IV’ in
FIG. 11;

FIG. 15 is a conceptual view illustrating a coupled
state of a pad to a front case of FIG. 13;

FIG. 16 is a modification embodiment of a wireless
power transmitter, which illustrates an example of a
blowing module configured to be rotatable; and

FIG. 17 is another modification embodiment of a
wireless power transmitter, which illustrates an ex-

ample where an outer guide is formed at a front case.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0033] Description will now be given in detail of the
exemplary embodiments, with reference to the accom-
panying drawings. For the sake of brief description with
reference to the drawings, the same or equivalent com-
ponents will be provided with the same reference num-
bers, and description thereof will not be repeated.
[0034] The technologies disclosed herein may be ap-
plicable to wireless power transfer (contactless power
transfer). However, the technologies disclosed herein
are not limited to this, and may be also applicable to all
kinds of power transmission systems and methods, wire-
less charging circuits and methods to which the techno-
logical spirit of the technology can be applicable, in ad-
dition to the methods and apparatuses using power trans-
mitted in a wireless manner.

[0035] Itshould be noted that technological terms used
herein are merely used to describe a specific embodi-
ment, but not to limit the present invention. Also, unless
particularly defined otherwise, technological terms used
herein should be construed as a meaning thatis generally
understood by those having ordinary skill in the art to
which the invention pertains, and should not be construed
too broadly or too narrowly. Furthermore, if technological
terms used herein are wrong terms unable to correctly
express the spirit of the invention, then they should be
replaced by technological terms that are properly under-
stood by those skilled in the art. In addition, general terms
used in this invention should be construed based on the
definition of dictionary, or the context, and should not be
construed too broadly or too narrowly.

[0036] Incidentally, unless clearly used otherwise, ex-
pressions in the singular number include a plural mean-
ing. In this application, the terms "comprising" and "in-
cluding" should not be construed to necessarily include
all of the elements or steps disclosed herein, and should
be construed not to include some of the elements or steps
thereof, or should be construed to further include addi-

10

15

20

25

30

35

40

45

50

55

tional elements or steps.

[0037] In addition, a suffix "module” or "unit" used for
constituent elements disclosed in the following descrip-
tion is merely intended for easy description of the spec-
ification, and the suffix itself does not give any special
meaning or function.

[0038] Furthermore, the terms including an ordinal
number such as first, second, etc. can be used to de-
scribe various elements, but the elements should not be
limited by those terms. The terms are used merely for
the purpose to distinguish an element from the other el-
ement. For example, a first element may be named to a
second element, and similarly, a second element may
be named to a first element without departing from the
scope of right of the invention.

[0039] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings, and the same or
similar elements are designated with the same numeral
references regardless of the numerals in the drawings
and their redundant description will be omitted.

[0040] In describing the present invention, moreover,
the detailed description will be omitted when a specific
description for publicly known technologies to which the
invention pertains is judged to obscure the gist of the
present invention. Also, it should be noted that the ac-
companying drawings are merely illustrated to easily ex-
plain the spirit of the invention, and therefore, they should
not be construed to limit the spirit of the invention by the
accompanying drawings.

[0041] FIG. 1 is an exemplary view conceptually illus-
trating a wireless power transmitter and an electronic de-
vice according to the embodiments of the present inven-
tion. Referring to FIG. 1, the wireless power transmitter
100 may be a power transfer apparatus configured to
transfer power required for the electronic device (or wire-
less power receiver) 200 in a wireless manner.

[0042] Furthermore, the wireless power transmitter
100 may be a wireless charging apparatus configured to
charge abattery of the electronic device (or wireless pow-
er receiver) 200 by transferring power in a wireless man-
ner. A case where the wireless power transmitter 100 is
awireless charging apparatus will be described later with
reference to FIG. 9.

[0043] Additionally, the wireless power transmitter 100
may be implemented with various forms of apparatuses
transferring power to the electronic device (or wireless
power receiver) 200 requiring power in a contactless
state.

[0044] The electronic device (or wireless power receiv-
er) 200 is a device that is operable by receiving power
from the wireless power transmitter 100 in a wireless
manner. Furthermore, the electronic device (or wireless
power receiver) 200 may charge a battery using the re-
ceived wireless power.

[0045] On the other hand, an electronic device for re-
ceiving power in a wireless manner as described herein
should be construed broadly to include a portable phone,
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a cellular phone, a smart phone, a personal digital as-
sistant (PDA), a portable multimedia player (PMP), a tab-
let, a multimedia device, or the like, in addition to an in-
put/outputdevice such as akeyboard, a mouse, an audio-
visual auxiliary device, and the like.

[0046] The electronic device (or wireless power receiv-
er) 200, as described later, may be a mobile communi-
cation terminal, (for example, a portable phone, a cellular
phone, and a tablet or multimedia device). In case where
the electronic device is a mobile terminal, it will be de-
scribed later with reference to FIG. 10.

[0047] On the other hand, the wireless power transmit-
ter 100 may transfer power in a wireless manner without
mutual contact to the electronic device (or wireless power
receiver) 200 using one or more wireless power transfer
methods. In other words, the wireless power transmitter
100 may transfer power using at least one of an inductive
coupling method based on magnetic induction phenom-
enon by the wireless power signal and a magnetic reso-
nance coupling method based on electromagnetic reso-
nance phenomenon by a wireless power signal at a spe-
cific frequency.

[0048] Wireless power transfer in the inductive cou-
pling method is a technology transferring power in a wire-
less manner using a primary coil and a secondary caoil,
and refers to the transmission of power by inducing a
current from a coil to another coil through a changing
magnetic field by a magnetic induction phenomenon.
[0049] Wireless power transfer in the resonance cou-
pling method refers to a technology in which the elec-
tronic device (or wireless power receiver) 200 generates
resonance by a wireless power signal transmitted from
the wireless power transmitter 100 to transfer power from
the wireless power transmitter 100 to the wireless power
receiver 200 by the resonance phenomenon.

[0050] Hereinafter, the wireless power transmitter 100
and electronic device (or wireless power receiver) 200
according to the embodiments disclosed herein will be
described in detail. In assigning reference numerals to
the constituent elements in each of the following draw-
ings, the same reference numerals will be used for the
same constituent elements even though they are shown
in a different drawing.

[0051] FIGS.2A and 2B are exemplary block diagrams
illustrating the configuration of a wireless power trans-
mitter 100 and an electronic device (or wireless power
receiver) 200 that can be employed in the embodiments
disclosed herein. Referring to FIG. 2A, the wireless pow-
er transmitter 100 may include a power transmission unit
110. The power transmission unit 110 may include a pow-
er conversion unit 111 and a power transmission control
unit 112.

[0052] The power conversion unit 111 transfers power
supplied from a transmission side power supply unit 190
to the electronic device (or wireless power receiver) 200
by convertingitinto a wireless power signal. The wireless
power signal transferred by the power conversion unit
111 is generated in the form of a magnetic field or electro-

10

15

20

25

30

35

40

45

50

55

magnetic field having an oscillation characteristic. For
this purpose, the power conversion unit 111 may be con-
figured to include a coil for generating the wireless power
signal.

[0053] The power conversion unit 111 may include a
constituent element for generating a different type of
wireless power signal according to each power transfer
method.

[0054] In accordance with exemplary embodiments,
the power conversion unit 111 may include a primary coil
for forming a changing magnetic field to induce a current
to a secondary coil of the electronic device (or wireless
power receiver) 200. Furthermore, the power conversion
unit 111 may include a coil (or antenna) for forming a
magnetic field having a specific resonant frequency to
generate a resonant frequency in the electronic device
(or wireless power receiver) 200 according to the reso-
nance coupling method.

[0055] Furthermore, the power conversion unit 111
may transfer power using at least one of the foregoing
inductive coupling method and the resonance coupling
method.

[0056] Among the constituent elements included in the
power conversion unit 111, those for the inductive cou-
pling method will be described later with reference to
FIGS.4A,4B and 5, and those for the resonance coupling
method will be described with reference to FIGS. 7A, 7B
and 8.

[0057] On the other hand, the power conversion unit
111 may further include a circuit for controlling the char-
acteristics of a used frequency, an applied voltage, an
applied current or the like to form the wireless power sig-
nal.

[0058] The power transmission control unit 112 con-
trols each of the constituent elements included in the
power transmission unit 110. The power transmission
control unit 112 may be implemented to be integrated
into another control unit (not shown) for controlling the
wireless power transmitter 100.

[0059] On the other hand, a region to which the wire-
less power signal can be approached may be divided
into two types. First, an active area denotes a region
through which a wireless power signal transferring power
to the electronic device (or wireless power receiver) 200
is passed. Next, a semi-active area denotes an interest
region in which the wireless power transmitter 100 can
detect the existence of the electronic device (or wireless
power receiver) 200. Here, the power transmission con-
trol unit 112 may detect whether the electronic device (or
wireless power receiver) 200 is placed in the active area
or detection area or removed from the area. Specifically,
the power transmission control unit 112 may detect
whether or not the electronic device (or wireless power
receiver) 200 is placed in the active area or detection
areausing a wireless power signal formed from the power
conversion unit 111 or a sensor separately provided
therein. Forinstance, the power transmission control unit
112 may detect the presence of the electronic device (or
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wireless power receiver) 200 by monitoring whether or
not the characteristic of power for forming the wireless
power signal is changed by the wireless power signal,
which is affected by the electronic device (or wireless
power receiver) 200 existing in the detection area. How-
ever, the active area and detection area may vary ac-
cording to the wireless power transfer method such as
an inductive coupling method, a resonance coupling
method, and the like.

[0060] The power transmission control unit 112 may
perform the process of identifying the electronic device
(or wireless power receiver) 200 or determine whether
to start wireless power transfer according to a result of
detecting the existence of the electronic device (or wire-
less power receiver) 200.

[0061] Furthermore, the power transmission control
unit 112 may determine at least one characteristic of a
frequency, a voltage, and a current of the power conver-
sion unit 111 for forming the wireless power signal. The
determination of the characteristic may be carried out by
a condition at the side of the wireless power transmitter
100 or a condition at the side of the electronic device (or
wireless power receiver) 200. In exemplary embodi-
ments, the power transmission control unit 112 may de-
cide the characteristic based on device identification in-
formation. In another exemplary embodiment, the power
transmission control unit 112 may decide the character-
isticbased on required power information of the electron-
ic device (or wireless power receiver) 200 or profile in-
formation related to the required power. The power trans-
mission control unit 112 may receive a power control
message from the electronic device (or wireless power
receiver) 200. The power transmission control unit 112
may determine at least one characteristic of a frequency,
a voltage and a current of the power conversion unit 111
based on the received power control message, and ad-
ditionally perform other control operations based on the
power control message.

[0062] For example, the power transmission control
unit 112 may determine at least one characteristic of a
frequency, a voltage and a current used to form the wire-
less power signal according to the power control mes-
sage including at least one of rectified power amount
information, charging state information and identification
information in the electronic device (or wireless power
receiver) 200.

[0063] Furthermore, as another control operation us-
ing the power control message, the wireless power trans-
mitter 100 may perform a typical control operation asso-
ciated with wireless power transfer based on the power
control message. For example, the wireless power trans-
mitter 100 may receive information associated with the
electronic device (or wireless power receiver) 200 to be
auditorily or visually outputted through the power control
message, or receive information required for authentica-
tion between devices.

[0064] In exemplary embodiments, the power trans-
mission control unit 112 may receive the power control
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message through the wireless power signal. In other ex-
emplary embodiment, the power transmission control
unit 112 may receive the power control message through
a method for receiving user data.

[0065] In order to receive the foregoing power control
message, the wireless power transmitter 100 may further
include a modulation/demodulation unit 113 electrically
connected to the power conversion unit 111. The mod-
ulation/demodulation unit 113 may modulate a wireless
power signal that has been modulated by the electronic
device (or wireless power receiver) 200 and use it to re-
ceive the power control message.

[0066] In addition, the power transmission control unit
112 may acquire a power control message by receiving
user data including a power control message by a com-
munication means (not shown) included in the wireless
power transmitter 100.

[0067] In accordance with one exemplary embodi-
ment, the wireless power transmitter 100 may supply
power to a plurality of electronic devices. Here, collision
may occur between wireless power signals which have
been modulated by the plurality of electronic devices.
Hence, the constituent elements included in the wireless
power transmitter 100 may perform various operations
to avoid such collision between the modulated wireless
power signals.

[0068] In one exemplary embodiment, the power con-
version unit 111 may convert power supplied from the
transmission side power supply unit 190 into a wireless
power signal and transfer it to the plurality of electronic
devices. For example, the plurality of electronic devices
may be two electronic devices, namely, a first electronic
device and a second electronic device.

[0069] The power conversion unit 111 may generate
a wireless power signal for power transmission and re-
ceive a first response signal and a second response sig-
nal corresponding to the wireless power signal.

[0070] The power transmission control unit 112 may
determine whether or not the first and second response
signals collide with each other. When the first and second
response signals collide with each other according to the
determination result, the power transmission control unit
112 may reset the power transmission.

[0071] The first and second response signals may be
generated by modulating the wireless power signal
through the first and second electronic devices.

[0072] Through the resetting of the power transmis-
sion, the power transmission control unit 112 may control
the power conversion unit 111 to sequentially receive the
first and second response signals, which are generated
to avoid collision with each other.

[0073] The sequential reception indicates that the first
response signal is received after a first time interval and
the second response signal is received after a second
time interval within a predetermined response period.
The firstand second time intervals may be decided based
on a value obtained by generating a random number.
[0074] The predetermined response period (Tping in-
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terval) may be decided to be long enough to include both
the first response signal and the second response signal.
Also, it may be decided after resetting the power trans-
mission.

[0075] In accordance with one exemplary embodi-
ment, occurrence or non-occurrence of the collision may
be determined according to whether or not the first and
second response signals are decoded using a present
format. The present format may include a preamble, a
header and a message. Whether or not the first and sec-
ond response signals collide with each other may be de-
termined based on whether or not the first and second
response signals are not recoverable due to an error gen-
eration in at least one of the preamble, the header and
the message caused by the collision.

[0076] In accordance with one exemplary embodi-
ment, the power conversion unit 111 may periodically
receive a response signal of the first device, which does
not collide with a response signal of the second device
within afirstresponse period (Tping interval_1). The pow-
er transmission control unit may decode the first re-
sponse signal and the second response signal using a
present format, and determine whether or not the first
and second response signals have collided with each
other based on whether or not the decoding is performed.
Here, the first response signal and the second response
signal may be periodically received within a second re-
sponse period (Tping interval_2). The second response
period (Tping interval_2) may be decided long enough
to include both the first and second response signals,
and be decided after resetting the power transmission.
[0077] Referring to FIG. 2B, the electronic device (or
wireless power receiver) 200 may include a power supply
unit 290. The power supply unit 290 supplies power re-
quired for the operation of the electronic device (or wire-
less power receiver) 200. The power supply unit 290 may
include a power receiving unit 291 and a power reception
control unit (or power receiving control unit) 292.
[0078] The power receiving unit 291 receives power
transferred from the wireless power transmitter 100 in a
wireless manner.

[0079] The power receiving unit 291 may include con-
stituent elements required to receive the wireless power
signal according to a wireless power transfer method.
Furthermore, the power receiving unit 291 may receive
power according to at least one wireless power transfer
method, and in this case, the power receiving unit 291
may include constituent elements required for each
method.

[0080] First, the power receiving unit 291 may include
a coil for receiving a wireless power signal transferred in
the form of a magnetic field or electromagnetic field hav-
ing a vibration characteristic.

[0081] Forinstance, as a constituent element accord-
ing to the inductive coupling method, the power receiving
unit 291 may include a secondary coil to which a current
is induced by a changing magnetic field. In exemplary
embodiments, the power receiving unit 291, as a constit-
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uent element according to the resonance coupling meth-
od, may include a coil and a resonant circuit in which
resonance phenomenon is generated by a magnetic field
having a specific resonant frequency.

[0082] In another exemplary embodiments, when the
power receiving unit 291 receives power according to at
least one wireless power transfer method, the power re-
ceiving unit 291 may be implemented to receive power
by using a coil, orimplemented to receive power by using
a coil formed differently according to each power transfer
method.

[0083] Among the constituent elements included in the
power receiving unit 291, those for the inductive coupling
method will be described later with reference to FIGS.
4A and 4B, and those for the resonance coupling method
with reference to FIGS. 7A and 7B.

[0084] On the other hand, the power receiving unit 291
may further include a rectifier and a regulator to convert
the wireless power signal into a direct current. Further-
more, the power receiving unit 291 may further include
acircuit for protecting an overvoltage or overcurrent from
being generated by the received power signal.

[0085] The power reception control unit (or power re-
ceiving control unit) 292 may control each constituent
element included in the power supply unit 290.

[0086] Specifically, the power reception control unit (or
power receiving control unit) 292 may transfer a power
control message to the wireless power transmitter 100.
The power control message may instruct the wireless
power transmitter 100 to initiate or terminate a transfer
ofthe wireless power signal. Furthermore, the power con-
trol message may instruct the wireless power transmitter
100 to control a characteristic of the wireless power sig-
nal.

[0087] In exemplary embodiments, the power recep-
tion control unit (or power receiving control unit) 292 may
transmit the power control message through the wireless
power signal. In another exemplary embodiment, the
power reception control unit (or power receiving control
unit) 292 may transmit the power control message
through a method for transmitting user data.

[0088] In order to transmit the foregoing power control
message, the electronic device (or wireless power re-
ceiver) 200 may further include a modulation/demodula-
tion unit 293 electrically connected to the power receiving
unit 291. The modulation/demodulation unit 293, similar-
ly to the case of the wireless power transmitter 100, may
be used to transmit the power control message through
the wireless power signal. The power communications
modulation/demodulation unit 293 may be used as a
means for controlling a current and/or voltage flowing
through the power conversion unit 111 of the wireless
power transmitter 100. Hereinafter, a method for allowing
the power communications modulation/demodulation
unit 113 or 293 at the side of the wireless power trans-
mitter 100 and at the side of the electronic device (or
wireless power receiver) 200, respectively, to be used to
transmit and receive a power control message through
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a wireless power signal will be described.

[0089] A wireless power signal formed by the power
conversion unit 111 is received by the power receiving
unit 291. At this time, the power reception control unit (or
power receiving control unit) 292 controls the power com-
munications modulation/demodulation unit 293 at the
side of the electronic device (or wireless power receiver)
200 to modulate the wireless power signal. For instance,
the power reception control unit (or power receiving con-
trol unit) 292 may perform a modulation process such
that a power amount received from the wireless power
signal is varied by changing a reactance of the power
communications modulation/demodulation unit 293 con-
nected to the power receiving unit 291. The change of a
power amount received from the wireless power signal
results in the change of a current and/or voltage of the
power conversion unit 111 for forming the wireless power
signal. Atthis time, the modulation/demodulation unit 113
at the side of the wireless power transmitter 100 may
detect a change of the current and/or voltage to perform
a demodulation process.

[0090] In other words, the power reception control unit
(or power receiving control unit) 292 may generate a
packet including a power control message intended to
be transferred to the wireless power transmitter 100 and
modulate the wireless power signal to allow the packet
to be included therein, and the power transmission con-
trol unit 112 may decode the packet based on a result of
performing the demodulation process of the power com-
munications modulation/demodulation unit 113 to ac-
quire the power control message included in the packet.
[0091] In addition, the power reception control unit (or
power receiving control unit) 292 may transmit a power
control message to the wireless power transmitter 100
by transmitting user data including the power control
message by a communication means (not shown) includ-
ed in the electronic device (or wireless power receiver)
200.

[0092] In addition, the power supply unit 290 may fur-
ther include a charger (or charging unit) 298 and a battery
299.

[0093] The electronic device (or wireless power receiv-
er) 200 receiving power for operation from the power sup-
ply unit 290 may be operated by power transferred from
the wireless power transmitter 100, or operated by charg-
ing the battery 299 using the transferred power and then
receiving the charged power. At this time, the power re-
ception control unit (or power receiving control unit) 292
may control the charger (or charging unit) 298 to perform
charging using the transferred power.

[0094] In one exemplary embodiment, the plurality of
electronic devices may receive power from the wireless
power transmitter 100. Here, collision may occur be-
tween wireless power signals which have been modulat-
ed by the plurality of electronic devices. Hence, the con-
stituent elements included in the wireless power trans-
mitter 100 may perform various operations to avoid such
collision between the modulated wireless power signals.
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[0095] In one exemplary embodiment, the power re-
ceiving unit 291 may receive the wireless power signal
for the power transmission from the wireless power trans-
mitter.

[0096] Here,the powerreception control unit (or power
receiving control unit) 292 may control the power receiv-
ing unit 291 to transmit a third response signal corre-
sponding to the wireless power signal after a time interval
set to a first time within the first response period (Tping
interval_1).

[0097] In one exemplary embodiment, the power re-
ception control unit (or power receiving control unit) 292
may determine whether or not the power transmission of
the wireless power transmitter 100 has been reset due
to collision between the modulated wireless power signal,
and set the time interval to a second time when the power
transmission has been reset according to the determina-
tion result.

[0098] In one exemplary embodiment, the power re-
ception control unit (or power receiving control unit) 292
may control the power receiving unit 291 to transmit a
fourth response signal corresponding to the wireless
power signal after the time interval set to the second time
within the second response period (Tping interval_2).
The second time may be decided by a value obtained by
generating a random number.

[0099] Hereinafter, a wireless power transmitter and
an electronic device applicable to the embodiments dis-
closed herein will be described.

[0100] First, a method of allowing the wireless power
transmitter to transfer power to the electronic device ac-
cording to the inductive coupling method will be de-
scribed with reference to FIGS. 3 through 5.

[0101] FIG. 3 is a view illustrating a concept in which
power is transferred from a wireless power transmitter to
an electronic device in a wireless manner according to
an inductive coupling method.

[0102] When the power of the wireless power trans-
mitter 100 is transferred in an inductive coupling method,
if the strength of a current flowing through a primary coil
within the power transmission unit 110 is changed, then
a magnetic field passing through the primary coil will be
changed by the current. The changed magnetic field gen-
erates aninduced electromotive force at a secondary coil
in the electronic device (or wireless power receiver) 200.
[0103] According to the foregoing method, the power
conversion unit 111 of the wireless power transmitter 100
may include a transmitting (Tx) coil 1111a being operated
as a primary coil in magnetic induction. Furthermore, the
power receiving unit 291 of the electronic device (or wire-
less power receiver) 200 may include a receiving (Rx)
coil 2911a being operated as a secondary coil in mag-
netic induction.

[0104] First, the wireless power transmitter 100 and
electronic device (or wireless power receiver) 200 are
disposed in such a manner that the transmitting (Tx) coil
1111a at the side of the wireless power transmitter 100
and the receiving coil at the side of the electronic device
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(or wireless power receiver) 200 are located adjacent to
each other. Then, if the power transmission control unit
112 controls a current of the transmitting (Tx) coil 1111a
to be changed, then the power receiving unit 291 controls
power to be supplied to the electronic device (or wireless
powerreceiver) 200 using an electromotive force induced
to the receiving (Rx) coil 2911a.

[0105] The efficiency of wireless power transfer by the
inductive coupling method may be little affected by a fre-
quency characteristic, but affected by an alignment and
distance between the wireless power transmitter 100 and
the electronic device (or wireless power receiver) 200
including each coil.

[0106] On the other hand, in order to perform wireless
power transferin the inductive coupling method, the wire-
less power transmitter 100 may be configured to include
an interface surface (not shown) in the form of a flat sur-
face. One or more electronic devices may be placed at
an upper portion of the interface surface, and the trans-
mitting (Tx) coil 1111a may be mounted at a lower portion
of the interface surface. In this case, a vertical spacing
is formed in a small-scale between the transmitting (Tx)
coil 1111a mounted at a lower portion of the interface
surface and the receiving (Rx) coil 2911a of the electronic
device (or wireless power receiver) 200 placed at an up-
per portion of the interface surface, and thus a distance
between the coils becomes sufficiently small to efficiently
implement contactless power transfer by the inductive
coupling method.

[0107] Furthermore, an alignment indicator (not
shown) indicating a location where the electronic device
(or wireless power receiver) 200 is to be placed at an
upper portion of the interface surface. The alignment in-
dicator indicates a location of the electronic device (or
wireless power receiver) 200 where an alignment be-
tween the transmitting (Tx) coil 1111a mounted at a lower
portion of the interface surface and the receiving (Rx)
coil 2911a can be suitably implemented. The alignment
indicator may alternatively be simple marks, or may be
formed in the form of a protrusion structure for guiding
the location of the electronic device (or wireless power
receiver) 200. Otherwise, the alignmentindicator may be
formed in the form of a magnetic body such as a magnet
mounted at a lower portion of the interface surface, there-
by guiding the coils to be suitably arranged by mutual
magnetism to a magnetic body having an opposite po-
larity mounted within the electronic device (or wireless
power receiver) 200.

[0108] On the other hand, the wireless power transmit-
ter 100 may be formed to include one or more transmitting
coils. The wireless power transmitter 100 may selectively
use some of coils suitably arranged with the receiving
(Rx) coil 2911a of the electronic device (or wireless power
receiver) 200 among the one or more transmitting coils
to enhance the power transmission efficiency. The wire-
less power transmitter 100 including the one or more
transmitting coils will be described later with reference
to FIG. 5.
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[0109] Hereinafter, a configuration of the wireless pow-
er transmitter and electronic device using an inductive
coupling method applicable to the embodiments dis-
closed herein will be described in detail.

[0110] FIGS.4Aand4B are ablock diagramillustrating
part of the wireless power transmitter 100 and electronic
device (or wireless power receiver) 200 in a magnetic
induction method that can be employed in the embodi-
ments disclosed herein. A configuration of the power
transmission unit 110 included in the wireless power
transmitter 100 will be described with reference to FIG.
4A, and a configuration of the power supply unit 290 in-
cluded in the electronic device (or wireless power receiv-
er) 200 will be described with reference to FIG. 4B.
[0111] Referringto FIG. 4A, the power conversion unit
111 of the wireless power transmitter 100 may include a
transmitting (Tx) coil 1111a and an inverter 1112.
[0112] The transmitting (Tx) coil 1111a may form a
magneticfield corresponding to the wireless power signal
according to a change of current as described above.
The transmitting (Tx) coil 1111a may alternatively be im-
plemented with a planar spiral type or cylindrical solenoid
type.

[0113] The inverter 1112 transforms a DC input ob-
tained from the power supply unit 190 into an AC wave-
form. The AC current transformed by the inverter 1112
drives a resonant circuit including the transmitting (Tx)
coil 1111aand a capacitor (not shown) to form a magnetic
field in the transmitting (Tx) coil 1111a.

[0114] In addition, the power conversion unit 111 may
further include a positioning unit 1114.

[0115] The positioning unit 1114 may move or rotate
the transmitting (Tx) coil 1111a to enhance the effective-
ness of contactless power transfer using the inductive
coupling method. As described above, it is because an
alignment and distance between the wireless power
transmitter 100 and the electronic device (or wireless
power receiver) 200 including a primary coil and a sec-
ondary coil may affect power transfer using the inductive
coupling method. In particular, the positioning unit 1114
may be used when the electronic device (or wireless pow-
er receiver) 200 does not exist within an active area of
the wireless power transmitter 100.

[0116] Accordingly, the positioning unit 1114 may in-
clude a drive unit (not shown) for moving the transmitting
(Tx) coil 1111a such that a center-to-center distance of
the transmitting (Tx) coil 1111a of the wireless power
transmitter 100 and the receiving (Rx) coil 2911a of the
electronic device (or wireless power receiver) 200 is with-
in a predetermined range, or rotating the transmitting (Tx)
coil 1111a such that the centers of the transmitting (Tx)
coil 1111a and the receiving (Rx) coil 2911a are over-
lapped with each other.

[0117] Forthis purpose, the wireless power transmitter
100 may further include a detection unit (not shown)
made of a sensor for detecting the location of the elec-
tronic device (or wireless power receiver) 200, and the
power transmission control unit 112 may control the po-
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sitioning unit 1114 based on the location information of
the electronic device (or wireless power receiver) 200
received from the location detection sensor.

[0118] Furthermore, to this end, the power transmis-
sion control unit 112 may receive control information on
an alignment or distance to the electronic device (or wire-
less power receiver) 200 through the power communica-
tions modulation/demodulation unit 113, and control the
positioning unit 1114 based on the received control in-
formation on the alignment or distance.

[0119] If the power conversion unit 111 is configured
to include a plurality of transmitting coils, then the posi-
tioning unit 1114 may determine which one of the plurality
of transmitting coils is to be used for power transmission.
The configuration of the wireless power transmitter 100
including the plurality of transmitting coils will be de-
scribed later with reference to FIG. 5.

[0120] On the other hand, the power conversion unit
111 may further include a power sensing unit 1115. The
power sensing unit 1115 at the side of the wireless power
transmitter 100 monitors a current or voltage flowing into
the transmitting (Tx) coil 1111a. The power sensing unit
1115 is provided to check whether or not the wireless
power transmitter 100 is normally operated, and thus the
power sensing unit 1115 may detect a voltage or current
of the power supplied from the outside, and check wheth-
er the detected voltage or current exceeds a threshold
value. The power sensing unit 1115, although not shown,
may include a resistor for detecting a voltage or current
of the power supplied from the outside and a comparator
for comparing a voltage value or current value of the de-
tected power with a threshold value to output the com-
parison result. Based on the check result of the power
sensing unit 1115, the power transmission control unit
112 may control a switching unit (not shown) to cut off
power applied to the transmitting (Tx) coil 1111a.
[0121] Referring to FIG. 4B, the power supply unit 290
of the electronic device (or wireless power receiver) 200
may include a receiving (Rx) coil 2911a and a rectifier
(or rectifying) circuit 2913.

[0122] A currentis induced into the receiving (Rx) coil
2911a by a change of the magnetic field formed in the
transmitting (Tx) coil 1111a. The implementation type of
the receiving (Rx) coil 2911a may be a planar spiral type
or cylindrical solenoid type similarly to the transmitting
(Tx) coil 1111a.

[0123] Furthermore, series and parallel capacitors
may be configured to be connected to the receiving (Rx)
coil 2911a to enhance the effectiveness of wireless pow-
er reception or perform resonant detection.

[0124] Thereceiving (Rx)coil2911amay be in the form
of a single coil or a plurality of coils.

[0125] The rectifier (or rectifying) circuit 2913 performs
a full-wave rectification to a current to convert alternating
current into direct current. The rectifier (or rectifying) cir-
cuit 2913, for instance, may be implemented with a full-
bridge rectifier generation circuit made of four diodes or
a circuit using active components.
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[0126] In addition, the rectifier (or rectifying) circuit
2913 may further include a regulator circuit for converting
a rectified current into a more flat and stable direct cur-
rent. Furthermore, the output power of the rectifier (or
rectifying) circuit 2913 is supplied to each constituent el-
ement of the power supply unit 290. Furthermore, the
rectifier (or rectifying) circuit 2913 may further include a
DC-DC converter for converting output DC power into a
suitable voltage to adjust it to the power required for each
constituent element (for instance, a circuit such as a
charger (or charging unit) 298).

[0127] The power communications modulation/de-
modulation unit 293 may be connected to the power re-
ceiving unit 291, and may be configured with a resistive
element in which resistance varies with respect to direct
current, and may be configured with a capacitive element
in which reactance varies with respect to alternating cur-
rent. The Power reception control unit (or power receiving
control unit) 292 may change the resistance or reactance
of the power communications modulation/demodulation
unit 293 to modulate a wireless power signal received to
the power receiving unit 291.

[0128] On the other hand, the power supply unit 290
may further include a power sensing unit 2914. The pow-
er sensing unit 2914 at the side of the electronic device
(or wireless power receiver) 200 monitors a voltage
and/or current of the power rectified by the rectifier (or
rectifying) circuit 2913, and if the voltage and/or current
of the rectified power exceeds a threshold value as a
result of monitoring, then the power reception control unit
(or power receiving control unit) 292 transmits a power
control message to the wireless power transmitter 100
to transfer suitable power.

[0129] FIG. 5is a block diagram illustrating a wireless
power transmitter configured to have one or more trans-
mitting coils receiving power according to an inductive
coupling method that can be employed in the embodi-
ments disclosed herein. Referring to FIG. 5, the power
conversion unit 111 of the wireless power transmitter 100
according to the embodiments disclosed herein may in-
clude one or more transmitting coils 1111a-1 to 1111a-
n. The one or more transmitting coils 1111a-1 to 1111a-
n may be an array of partly overlapping primary coils. An
active area may be determined by some of the one or
more transmitting coils.

[0130] The one or more transmitting coils 1111a-1 to
1111a-n may be mounted at a lower portion of the inter-
face surface. Furthermore, the powerconversion unit111
may further include a multiplexer 1113 for establishing
and releasing the connection of some of the one or more
transmitting coils 1111a-1 to 1111a-n.

[0131] Upondetecting the location of the electronic de-
vice (or wireless power receiver) 200 placed at an upper
portion of the interface surface, the power transmission
control unit 112 may take the detected location of the
electronic device (or wireless power receiver) 200 into
consideration to control the multiplexer 1113, thereby al-
lowing coils that can be placed in an inductive coupling



19 EP 2 752 960 A2 20

relation to the receiving (Rx) coil 2911a of the electronic
device (or wireless power receiver) 200 among the one
or more transmitting coils 1111a-1to 1111a-n to be con-
nected to one another.

[0132] For this purpose, the power transmission con-
trol unit 112 may acquire the location information of the
electronic device (or wireless power receiver) 200. For
example, the power transmission control unit 112 may
acquire the location of the electronic device (or wireless
power receiver) 200 on the interface surface by the lo-
cation detection unit (not shown) provided in the wireless
power transmitter 100. For another example, the power
transmission control unit 112 may alternatively receive a
power control message indicating a strength of the wire-
less power signal from an object on the interface surface
or a power control message indicating the identification
information of the object using the one or more transmit-
ting coils 1111a-1 to 1111a-n, respectively, and deter-
mines whether it is located adjacent to which one of the
one or more transmitting coils based on the received re-
sult, thereby acquiring the location information of the
electronic device (or wireless power receiver) 200.
[0133] On the other hand, the active area as part of
the interface surface may denote a portion through which
a magnetic field with a high efficiency can pass when the
wireless power transmitter 100 transfers power to the
electronic device (or wireless power receiver) 200 in a
wireless manner. At this time, a single transmitting coil
orone or a combination of more transmitting coils forming
a magnetic field passing through the active area may be
designated as a primary cell. Accordingly, the power
transmission control unit 112 may determine an active
area based on the detected location of the electronic de-
vice (or wireless power receiver) 200, and establish the
connection of a primary cell corresponding to the active
area to control the multiplexer 1113, thereby allowing the
receiving (Rx) coil 2911a of the electronic device (or wire-
less power receiver) 200 and the coils belonging to the
primary cell to be placed in an inductive coupling relation.
[0134] In the meantime, upon disposing one or more
electronic devices 200 on an interface surface of the wire-
less power transmitter 100, which includes the one or
more transmitting coils 1111a-1 to 1111a-n, the power
transmission control unit 112 may control the multiplexer
1113 to allow the coils belonging to the primary cell cor-
responding to the position of each electronic device to
be placed in the inductive coupling relation. Accordingly,
the wireless power transmitter 100 may generate the
wireless power signal using different coils, thereby trans-
ferring it to the one or more electronic devices in a wire-
less manner.

[0135] Also, the power transmission control unit 112
may set power having a different characteristic to be sup-
plied to each of the coils corresponding to the electronic
devices. Here, the wireless power transmitter 100 may
transfer power by differently setting a power transfer
scheme, efficiency, characteristic and the like for each
electronic device. The power transmission for one or
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more electronic devices will be described later.

[0136] Furthermore, the power conversion unit 111
may further include an impedance matching unit (not
shown) for controlling an impedance to form a resonant
circuit with the coils connected thereto.

[0137] Hereinafter, a method for allowing a wireless
power transmitter to transfer power according to a reso-
nance coupling method will be disclosed with reference
to FIGS. 6 through 8.

[0138] FIG. 6 is a view illustrating a concept in which
power is transferred to an electronic device from a wire-
less power transmitter in a wireless manner according to
an resonance coupling method.

[0139] First, resonance will be described in brief as fol-
lows. Resonance refers to a phenomenon in which an
amplitude of vibration is remarkably increased when pe-
riodically receiving an external force having the same
frequency as the natural frequency of a vibration system.
Resonance is a phenomenon occurring at all kinds of
vibrations such as mechanical vibration, electric vibra-
tion, and the like. Generally, when exerting a vibratory
force to a vibration system from the outside, if the natural
frequency thereof is the same as a frequency of the ex-
ternally applied force, then the vibration becomes strong,
thus increasing the width.

[0140] With the same principle, when a plurality of vi-
brating bodies separated from one another within a pre-
determined distance vibrate at the same frequency, the
plurality of vibrating bodies resonate with one another,
and in this case, resulting in a reduced resistance be-
tween the plurality of vibrating bodies. In an electrical
circuit, a resonant circuit can be made by using an induc-
tor and a capacitor.

[0141] When the wireless power transmitter 100 trans-
fers power according to the inductive coupling method,
a magnetic field having a specific vibration frequency is
formed by alternating current power in the power trans-
mission unit 110. If a resonance phenomenon occurs in
the electronic device (or wireless power receiver) 200 by
the formed magnetic field, then power is generated by
the resonance phenomenon in the electronic device (or
wireless power receiver) 200.

[0142] However, if the plurality of vibrating bodies res-
onates with each other in an electromagnetic manner as
aforementioned, extremely high power transmission ef-
ficiency may be exhibited due to non affection by adjacent
objects except for the vibrating bodies. An energy tunnel
may be generated between the plurality of vibrating bod-
ies which resonate with each other in the electromagnetic
manner. This may be referred to as energy coupling or
energy tail.

[0143] The resonance coupling disclosed herein may
use an electromagnetic wave having a low frequency.
When power is transferred using the electromagnetic
wave having the low frequency, only a magnetic field may
affect an area located within a single wavelength of the
electromagnetic wave. The magnetic resonance may be
generated when the wireless power transmitter 100 and
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the electronic device (or wireless power receiver) 200
are located within the single wavelength of the electro-
magnetic wave having the low frequency.

[0144] Here, in general, human bodies are sensitive to
an electric field but tolerant to a magnetic field. Hence,
when power is transferred using a magnetic resonance,
the human bodies may be badly affected due to being
exposed to the electromagnetic wave. Also, as the en-
ergy tail is generated in response to the resonance phe-
nomenon, the form of power transmission may exhibit a
non-radiative property. Consequently, upon transferring
power using such electromagnetic wave, a radiative
problem which occurs frequently may be solved.

[0145] The resonance coupling method may be a
method for transferring power using the electromagnetic
wave with the low frequency, as aforementioned. Thus,
the transmitting (Tx) coil 1111b of the wireless power
transmitter 100 may form a magnetic field or electromag-
netic wave for transferring power in principle. However,
the resonance coupling method will be described here-
inafter from the perspective of a magnetic resonance,
namely, a power transmission by a magnetic field.
[0146] The resonant frequency may be determined by
the following formula in Equation 1.

[Equation 1]

1

S =i

[0147] Here, the resonant frequency (f) is determined
by an inductance (L) and a capacitance (C) in a circuit.
In a circuit forming a magnetic field using a cail, the in-
ductance can be determined by a number of turns of the
coil, and the like, and the capacitance can be determined
by a gap between the coils, an area, and the like. In ad-
dition to the coil, a capacitive resonant circuit may be
configured to be connected thereto to determine the res-
onant frequency.

[0148] Referring to FIG. 6, when power is transmitted
in awireless manner according to the resonance coupling
method, the power conversion unit 111 of the wireless
power transmitter 100 may include a transmitting (Tx)
coil 1111b in which a magnetic field is formed and a res-
onant circuit (or resonant generation circuit) 1116 con-
nected to the transmitting (Tx) coil 1111b to determine a
specific vibration frequency. The resonant circuit (or res-
onant generation circuit) 1116 may be implemented by
using a capacitive circuit (capacitors), and the specific
vibration frequency may be determined based on an in-
ductance of the transmitting (Tx) coil 1111b and a capac-
itance of the resonant circuit (or resonant generation cir-
cuit) 1116.

[0149] The configuration of a circuit element of the res-
onant circuit (or resonant generation circuit) 1116 may
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be implemented in various forms such that the power
conversion unit 111 forms a magnetic field, and is not
limited to a form of being connected in parallel to the
transmitting (Tx) coil 1111b as illustrated in FIG. 6.
[0150] Furthermore, the power receiving unit 291 of
the electronic device (or wireless power receiver) 200
may include a resonant circuit (or resonant generation
circuit) 2912 and a receiving (Rx) coil 2911 b to generate
a resonance phenomenon by a magnetic field formed in
the wireless power transmitter 100. In other words, the
resonant circuit (or resonant generation circuit) 2912 may
be also implemented by using a capacitive circuit, and
the resonant circuit (or resonant generation circuit) 2912
is configured such that a resonant frequency determined
based on an inductance of the receiving coil 2911b and
a capacitance of the resonant circuit (or resonant gener-
ation circuit) 2912 has the same frequency as a resonant
frequency of the formed magnetic field.

[0151] The configuration of a circuit element of the res-
onant circuit (or resonant generation circuit) 2912 may
be implemented in various forms such that the power
receiving unit 291 generates resonance by a magnetic
field, and is not limited to a form of being connected in
series to the receiving coil 2911b as illustrated in FIG. 6.
[0152] The specific vibration frequency in the wireless
power transmitter 100 may have LTX, CTX, and may be
acquired by using the Equation 1. Here, the electronic
device (or wireless power receiver) 200 generates reso-
nance when a result of substituting the LRX and CRX of
the electronic device (or wireless power receiver) 200 to
the Equation 1 is same as the specific vibration frequen-
cy.

[0153] According to acontactless powertransfer meth-
od by resonance coupling, when the wireless power
transmitter 100 and electronic device (or wireless power
receiver) 200 resonate at the same frequency, respec-
tively, an electromagnetic wave is propagated through a
short-range magnetic field, and thus there exists no en-
ergy transfer between the devices if they have different
frequencies.

[0154] As a result, an efficiency of contactless power
transfer by the resonance coupling method is greatly af-
fected by a frequency characteristic, whereas the effect
of analignment and distance between the wireless power
transmitter 100 and the electronic device (or wireless
power receiver) 200 including each coil is relatively small-
er than the inductive coupling method.

[0155] Hereinafter, the configuration of a wireless pow-
er transmitter and an electronic device in the resonance
coupling method applicable to the embodiments dis-
closed herein will be described in detail.

[0156] FIGS. 7A and 7B is a block diagram illustrating
part of the wireless power transmitter 100 and electronic
device (or wireless power receiver) 200 in a resonance
method that can be employed in the embodiments dis-
closed herein.

[0157] A configuration of the power transmission unit
110 included in the wireless power transmitter 100 will
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be described with reference to FIG. 7A.

[0158] The power conversion unit 111 of the wireless
power transmitter 100 may include a transmitting (Tx)
coil 1111b, an inverter 1112, and a resonant circuit (or
resonant generation circuit) 1116. The inverter 1112 may
be configured to be connected to the transmitting (Tx)
coil 1111b and the resonant circuit (or resonant genera-
tion circuit) 1116.

[0159] The transmitting (Tx) coil 1111b may be mount-
ed separately from the transmitting (Tx) coil 1111a for
transferring power according to the inductive coupling
method, but may transfer power in the inductive coupling
method and resonance coupling method using one single
coil.

[0160] The transmitting (Tx) coil 1111b, as described
above, forms a magnetic field for transferring power. The
transmitting (Tx) coil 1111b and the resonant circuit (or
resonant generation circuit) 1116 generate resonance
when alternating current power is applied thereto, and at
this time, a vibration frequency may be determined based
on an inductance of the transmitting (Tx) coil 1111b and
a capacitance of the resonant circuit (or resonant gener-
ation circuit) 1116.

[0161] For this purpose, the inverter 1112 transforms
a DC input obtained from the power supply unit 190 into
an AC waveform, and the transformed AC current is ap-
plied to the transmitting (Tx) coil 1111b and the resonant
circuit (or resonant generation circuit) 1116.

[0162] In addition, the power conversion unit 111 may
further include a frequency adjustment unit 1117 for
changing a resonant frequency of the power conversion
unit 111. The resonant frequency of the power conver-
sion unit 111 is determined based on an inductance
and/or capacitance within a circuit constituting the power
conversion unit 111 by Equation 1, and thus the power
transmission control unit 112 may determine the reso-
nant frequency of the power conversion unit 111 by con-
trolling the frequency adjustment unit 1117 to change the
inductance and/or capacitance.

[0163] The frequency adjustment unit 1117, for exam-
ple, may be configured to include a motor for adjusting
a distance between capacitors included in the resonant
circuit (or resonant generation circuit) 1116 to change a
capacitance, or include a motor for adjusting a number
of turns or diameter of the transmitting (Tx) coil 1111b to
change an inductance, or include active elements for de-
termining the capacitance and/or inductance

[0164] On the other hand, the power conversion unit
111 may further include a power sensing unit 1115. The
operation of the power sensing unit 1115 is the same as
the foregoing description.

[0165] ReferringtoFIG. 7B, a configuration of the pow-
er supply unit 290 included in the electronic device (or
wireless power receiver) 200 will be described. The pow-
er supply unit 290, as described above, may include the
receiving (Rx) coil 2911b and resonant circuit (or reso-
nant generation circuit) 2912.

[0166] In addition, the power receiving unit 291 of the

10

15

20

25

30

35

40

45

50

55

13

power supply unit 290 may further include a rectifier (or
rectifying) circuit 2913 for converting an AC current gen-
erated by resonance phenomenon into DC. The rectifier
(or rectifying) circuit 2913 may be configured similarly to
the foregoing description.

[0167] Furthermore, the power receiving unit 291 may
further include a power sensing unit 2914 for monitoring
avoltage and/or current of the rectified power. The power
sensing unit 2914 may be configured similarly to the fore-
going description.

[0168] FIG. 8 is a block diagram illustrating a wireless
power transmitter configured to have one or more trans-
mitting coils receiving power according to a resonance
coupling method that can be employed in the embodi-
ments disclosed herein. Referring to FIG. 8, the power
conversion unit 111 of the wireless power transmitter 100
according to the embodiments disclosed herein may in-
clude one or more transmitting coils 1111b-1 to 1111b-
n and resonant (or resonant generation) circuits (1116-1
to 1116-n) connected to each transmitting coils. Further-
more, the power conversion unit 111 may further include
amultiplexer 1113 for establishing and releasing the con-
nection of some of the one or more transmitting coils
1111b-1 to 1111b-n.

[0169] The one or more transmitting coils 1111b-1 to
1111b-n may be configured to have the same vibration
frequency, or some of them may be configured to have
different vibration frequencies. It is determined by an in-
ductance and/or capacitance of the resonant (or resonant
generation) circuits (1116-1 to 1116-n) connected to the
one or more transmitting coils 1111b-1 to 1111b-n, re-
spectively.

[0170] In the meantime, when one or more electronic
devices 200 are disposed in an active area or a detection
area of the wireless power transmitter 100 including the
one or more transmitting coils 1111b-1 to 1111b-n, the
power transmission control unit 112 may control the mul-
tiplexer 1113 to allow the electronic devices to be placed
in different resonance coupling relations. Accordingly,
the wireless power transmitter 100 may wirelessly trans-
fer power to the one or more electronic devices by gen-
erating the wireless power signal using different coils.
[0171] In addition, the power transmission control unit
112 may set power with a different characteristic to be
supplied to each of the coils corresponding to the elec-
tronic devices. Here, the wireless power transmitter 100
may transfer power by differently setting a power trans-
mission scheme, a resonant frequency, efficiency, a
characteristic and the like for each electronic device. The
power transmission for one or more electronic devices
will be described later with reference to FIG. 28 .For this
purpose, the frequency adjustment unit 1117 may be
configured to change an inductance and/or capacitance
of the resonant circuits (1116-1 to 1116-n) connected to
the one or more transmitting coils 1111b-1 to 1111b-n,
respectively.

[0172] On the other hand, hereinafter, an example of
the wireless power transmitter implemented in the form
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of a wireless charger will be described.

[0173] FIG. 9 is a block diagram illustrating a wireless
power transmitter further including an additional element
in addition to the configuration illustrated in FIG. 2A. Re-
ferring to FIG. 9, the wireless power transmitter 100 may
further include a sensor unit 120, a communication unit
130, an output unit 140, a memory 150, and a control
unit (or Controller) 180 in addition to the power transmis-
sion unit 110 and power supply unit 190 for supporting
at least one of the foregoing inductive coupling method
and resonance coupling method.

[0174] The control unit (or Controller) 180 controls the
power transmission unit 110, the sensor unit 120, the
communication unit 130, the output unit 140, the memory
150, and the power supply unit 190.

[0175] The control unit (or Controller) 180 may be im-
plemented by a module separated from the power trans-
mission control unit 112 in the power transmission unit
110 described with reference to FIG. 2 or may be imple-
mented by a single module.

[0176] The sensor unit 120 may include a sensor for
detecting the location of the electronic device (or wireless
power receiver) 200. The location information detected
by the sensor unit 120 may be used for allowing the power
transmission unit 110 to transfer power in an efficient
manner.

[0177] Forinstance, in case of wireless power transfer
according to the inductive coupling method, the sensor
unit 120 may be operated as a detection unit, and the
location information detected by the sensor unit 120 may
be used to move or rotate the transmitting (Tx) coil 1111a
in the power transmission unit 110.

[0178] Furthermore, for example, the wireless power
transmitter 100 configured to include the foregoing one
or more transmitting coils may determine coils that can
be placed in an inductive coupling relation or resonance
coupling relation to the receiving coil of the electronic
device (or wireless power receiver) 200 among the one
or more transmitting coils based on the location informa-
tion of the electronic device (or wireless power receiver)
200.

[0179] On the other hand, the sensor unit 120 may be
configured to monitor whether or not the electronic device
(or wireless power receiver) 200 approaches a charge-
able region. The approach or non-approach detection
function of the sensor unit 120 may be carried out sep-
arately from the function of allowing the power transmis-
sion control unit 112 in the power transmission unit 110
to detect the approach or non-approach of the electronic
device (or wireless power receiver) 200.

[0180] The communication unit 130 performs wired or
wireless data communication with the electronic device
(orwireless power receiver) 200. The communication unit
130 may include an electronic component for at least any
one of BluetoothTM, Zigbee, Ultra Wide Band (UWB),
Wireless USB, Near Field Communication (NFC), and
Wireless LAN.

[0181] The output unit 140 may include at least one of
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a display unit 141 and an audio output unit (or sound
output unit) 142. The display unit 141 may include at least
one of a liquid crystal display (LCD), a thin film transistor-
liquid crystal display (TFT-LCD), an organic light-emitting
diode (OLED), aflexible display, and a three-dimensional
(3D) display. The display unit 141 may display a charging
state under the control of the control unit (or Controller)
180.

[0182] The memory 150 may include at least one stor-
age medium of a flash memory type, a hard disk type, a
multimedia card micro type, a card type memory (e.g.,
SD or XD memory), a random access memory (RAM), a
static random access memory (SRAM), a read-only
memory (ROM), an electrically erasable programmable
read-only memory (EEPROM), a programmable read-
only memory (PROM), a magnetic memory, a magnetic
disk, an optical disk, and the like. The wireless power
transmitter 100 may operate in association with a web
storage performing the storage function of the memory
150 on the Internet. A program or commands performing
the foregoing functions of the wireless power transmitter
100 may be stored in the memory 150. The control unit
(or Controller) 180 may perform the program or com-
mands stored in the memory 150 to transmit power in a
wireless manner. A memory controller (not shown) may
be used to allow other constituent elements (e.g., control
unit (or Controller) 180) included in the wireless power
transmitter 100 to access the memory 150.

[0183] However, it would be easily understood by
those skilled in the art that the configuration of a wireless
power transmitter according to the embodiment dis-
closed herein may be applicable to an apparatus, such
as a docking station, a terminal cradle device, and an
electronic device, and the like, excluding a case where
it is applicable to only a wireless charger.

[0184] FIG. 10 is view illustrating a configuration in
case where an electronic device (or wireless power re-
ceiver) 200 according to the embodiments disclosed
herein is implemented in the form of a mobile terminal.
[0185] The mobile communication terminal 200 may
include a power supply unit 290 illustrated in FIGS. 2A,
2B, 4A, 4B, 7A or 7B.

[0186] Furthermore, the terminal 200 may further in-
clude a wireless communication unit 210, an Audio/Video
(AN) input unit 220, a user input unit 230, a sensing unit
240, an output unit 250, a memory 260, an interface unit
270, and a controller 280. FIG. 10 illustrates the terminal
100 having various components, but it is understood that
implementing all of the illustrated components is not a
requirement. Greater or fewer components may alterna-
tively be implemented.

[0187] Hereinafter,eachcomponentisdescribedin se-
quence.
[0188] The wireless communication unit 210 may typ-

ically include one or more modules which permit wireless
communications between the terminal 200 and a wireless
communication system or between the terminal 200 and
a network within which the terminal 200 is located. For
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example, the wireless communication unit 210 may in-
clude a broadcast receiving module 211, a mobile com-
munication module 212, a wireless internet module 213,
a short-range communication module 214, a position in-
formation module 215 and the like.

[0189] The broadcast receiving module 211 receives
a broadcast signal and/or broadcast associated informa-
tion from an external broadcast managing entity via a
broadcast channel.

[0190] The broadcast channel may include a satellite
channel and a terrestrial channel. The broadcast center
may indicate a server which generates and transmits a
broadcast signal and/or broadcast associated informa-
tion or a server which receives a pre-generated broad-
cast signal and/or broadcast associated information and
sends them to the portable terminal. The broadcast signal
may be implemented as a TV broadcast signal, a radio
broadcast signal, and a data broadcast signal, among
others. The broadcast signal may further include a data
broadcast signal combined with a TV or radio broadcast
signal.

[0191] Examples of broadcast associated information
may denote information associated with a broadcast
channel, a broadcast program, a broadcast service pro-
vider, and the like. The broadcast associated information
may be provided via a mobile communication network.
In this case, it may be received by the mobile communi-
cation module 212.

[0192] The broadcast associated information may be
implemented in various formats. For instance, broadcast
associated information may include Electronic Program
Guide (EPG) of Digital Multimedia Broadcasting (DMB),
Electronic Service Guide (ESG) of Digital Video Broad-
cast-Handheld (DVB-H), and the like.

[0193] The broadcast receiving module 211 may be
configured to receive digital broadcast signals transmit-
ted from various types of broadcast systems. Such
broadcast systems may include Digital Multimedia
Broadcasting-Terrestrial (DMB-T), Digital Multimedia
Broadcasting-Satellite (DMB-S), Media Forward Link
Only (MediaFLO), Digital Video Broadcast-Handheld
(DVB-H), Integrated Services Digital Broadcast-Terres-
trial (ISDB-T) and the like. The broadcast receiving mod-
ule 211 may be configured to be suitable for every broad-
cast system transmitting broadcast signals as well as the
digital broadcasting systems.

[0194] Broadcast signals and/or broadcast associated
information received via the broadcast receiving module
211 may be storedin a suitable device, suchas amemory
260.

[0195] The mobile communication module 212 trans-
mits/receives wireless signals to/from at least any one of
abase station, an external portable terminal, and aserver
on a mobile communication network. The wireless signal
may include audio call signal, video (telephony) call sig-
nal, or various formats of data according to transmis-
sion/reception of text/multimedia messages.

[0196] The wireless internet module 213 supports
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wireless Internet access for the mobile terminal 200. This
module may be internally or externally coupled to the
terminal 100. Examples of such wireless Internet access
may include Wireless LAN (WLAN) (Wi-Fi), Wireless
Broadband (Wibro), Worldwide Interoperability for Micro-
wave Access (Wimax), High Speed Downlink Packet Ac-
cess (HSDPA) and the like.

[0197] The short-range communication module 214
denotes a module for short-range communications. Suit-
able technologies for implementing this module may in-
clude Bluetooth, Radio Frequency IDentification (RFID),
Infrared Data Association (IrDA), Ultra-WideBand
(UWB), ZigBee, and the like. On the other hand, Univer-
sal Serial Bus (USB), IEEE 1394, Thunderbolt of Intel
technology, and the like, may be used for wired short-
range communication.

[0198] The wireless internet module 213 or the short-
range communication module 214 may establish data
communication connection to the wireless power trans-
mitter 100.

[0199] Through the established data communication,
when there is an audio signal to be outputted while trans-
ferring power in a wireless manner, the wireless internet
module 213 or the short-range communication module
214 may transmit the audio signal to the wireless power
transmitter 100 through the short-range communication
module. Furthermore, through the established data com-
munication, when there is information to be displayed,
the wireless internet module 213 or the short-range com-
munication module 214 may transmit the information to
the wireless power transmitter 100. Otherwise, the wire-
less internet module 213 or the short-range communica-
tion module 214 may transmit an audio signal received
through a microphone integrated in the wireless power
transmitter 100. Furthermore, the wireless internet mod-
ule 213 or the short-range communication module 214
may transmit the identification information (e.g., phone
number or device name in case of a portable phone) of
the mobile terminal 200 to the wireless power transmitter
100 through the established data communication.
[0200] The position information module 215 is a mod-
ule for acquiring a position of the terminal. An example
of the position information module 215 may include a
Global Position System (GPS) module.

[0201] Referring to FIG. 10, the AN input unit 220 is
configured to provide audio or video signal input to the
portable terminal. The AN input unit 220 may include a
camera 221 and a microphone 222. The camera 221
processes image frames of still or moving images ob-
tained by an image sensor in a video call mode or a cap-
ture more. The processed image frames may be dis-
played on the display unit 251.

[0202] The image frames processed by the camera
221 may be stored in the memory 260 or transmitted to
the exterior via the wireless communication unit210. Two
or more cameras 221 may be provided therein according
to the use environment.

[0203] The microphone 222 may receive an external
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audio signal by a microphone in a phone call mode, a
recording mode, a voice recognition mode, or the like to
process itinto electrical audio data. The processed audio
data is converted and outputted into a format transmitta-
ble to a mobile communication base station via the mobile
communication module 212 in case of the phone call
mode. The microphone 222 may include various noise
removal algorithms to remove noises generated while
receiving the external audio signal.

[0204] The userinputunit230 may generate input data
to allow the user to control the operation of the terminal.
The user input unit 230 may include a keypad, a dome
switch, a touchpad (e.g., static pressure/capacitance), a
jog wheel, a jog switch and the like.

[0205] The sensing unit 240 may include a proximity
sensor 241, apressure sensor 242, amotion sensor 243,
and the like. The proximity sensor 241 detects an object
approaching the mobile terminal 200, or the presence or
absence of an object existing adjacent to the mobile ter-
minal 200, and the like without any mechanical contact.
The proximity sensor 241 may detect a proximity object
using achange of the AC magnetic field or static magnetic
field, a change rate of the electrostatic capacity, or the
like. Two or more proximity sensors 241 may be provided
according to the aspect of configuration.

[0206] The pressure sensor 242 may detect whether
or not a pressure is applied to the mobile terminal 200,
a size of the pressure, and the like. The pressure sensor
242 may be provided at a portion where the detection of
a pressure is required in the mobile terminal 200 accord-
ing to the use environment. When the pressure sensor
242 is provided in the display unit 251, it may be possible
to identify a touch input through the display unit 251 and
a pressure touch input by which a pressure larger than
the touch input is applied according to a signal outputted
from the pressure sensor 242. Furthermore, it may be
possible to know a size of the pressure applied to the
display unit 251 during the input of a pressure touch.
[0207] The motion sensor 243 detects the location or
movement of the mobile terminal 200 using an acceler-
ation sensor, agyro sensor, and the like. The acceleration
sensor used in the motion sensor 243 is an element for
converting an acceleration change in any one direction
into an electrical signal. Two or three axes are typically
integrated into a package to constitute an acceleration
sensor, and only one Z-axis may be required according
to the use environment. Accordingly, when an accelera-
tion sensor in the direction of X-axis or Y-axis should be
used instead of the direction of Z-axis due to any reason,
the acceleration sensor may be erected and mounted on
a main substrate using a separate piece substrate. Fur-
thermore, the gyro sensor is a sensor for measuring an
angular speed of the mobile terminal 200 in a rotational
movement to detect a rotated angle with respect to each
reference direction. For instance, the gyro sensor may
detect each rotational angle, i.e., azimuth, pitch and roll,
with reference to three directional axes.

[0208] The output unit 250 is provided to output visual,
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auditory, or tactile information. The output unit 250 may
include a display unit 251, an audio output module 252,
an alarm unit 253, a haptic module 254, and the like.
[0209] The display unit 251 may display (output) infor-
mation processedin the terminal 200. For example, when
the terminal is in a phone call mode, the display unit 251
will provide a User Interface (Ul) or Graphic User Inter-
face (GUI) associated with the call. When the terminal is
in a video call mode or a capture mode, the display unit
251 may display images captured and/or received, Ul,
or GUL.

[0210] The display unit 251 may include at least one
of a liquid crystal display (LCD), a thin film transistor-
liquid crystal display (TFT-LCD), an organic light-emitting
diode (OLED), a flexible display, a three-dimensional
(3D) display, and the like.

[0211] Some of those displays may be configured as
a transparent type or a light transmission type through
which the outside is visible, which is referred to as a trans-
parent display. A representative example of the trans-
parent display may include a Transparent OLED (TO-
LED), or the like. The rear surface of the display unit 151
may also be implemented to be optically transparent. Un-
der this configuration, the user can view an object posi-
tioned at arear side of the terminal body through a region
occupied by the display unit 251 of the terminal body.
[0212] The display unit 251 may be implemented in
two or more in number according to a configured aspect
of the terminal 200. For instance, a plurality of the display
units 251 may be arranged on one surface to be spaced
apart from or integrated with each other, or may be ar-
ranged on different surfaces.

[0213] Here, if the display unit 251 and a touch sensi-
tive sensor (referred to as a touch sensor) have a layered
structure therebetween, the display unit251 may be used
as aninputdevice ratherthan anoutputdevice. The touch
sensor may be implemented as a touch film, a touch
sheet, a touch pad, and the like.

[0214] The touch sensor may be configured to convert
changes of a pressure applied to a specific part of the
display unit 251, or a capacitance occurring from a spe-
cific part of the display unit 251, into electric input signals.
Also, the touch sensor may be configured to sense not
only a touched position and a touched area, but also a
touch pressure.

[0215] Whentouchinputs are sensed by the touch sen-
sors, corresponding signals are sentto a touch controller.
The touch controller processes the received signals, and
then transmits corresponding data to the controller 280.
Accordingly, the controller 280 may sense which region
of the display unit 151 has been touched.

[0216] The proximity sensor 241 may be arranged at
an inner region of the terminal covered by the touch
screen, or near the touch screen. The proximity sensor
refers to a sensor to sense the presence or absence of
an object approaching a surface to be sensed, or an ob-
ject disposed near a surface to be sensed, using an elec-
tromagnetic field or infrared rays without a mechanical
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contact. The proximity sensor has a longer lifespan and
a more enhanced utility than a contact sensor.

[0217] The proximity sensor may include a transmis-
sive type photoelectric sensor, a direct reflective type
photoelectric sensor, a mirror reflective type photoelec-
tric sensor, a high-frequency oscillation proximity sensor,
a capacitance type proximity sensor, a magnetic type
proximity sensor, an infrared rays proximity sensor, and
so on. When the touch screen is implemented as a ca-
pacitance type, proximity of a pointer to the touch screen
is sensed by changes of an electromagnetic field. In this
case, the touch screen (touch sensor) may be catego-
rized into a proximity sensor.

[0218] Hereinafter, for the sake of brief explanation, a
status that the pointer is positioned to be proximate onto
the touch screen without contact will be referred to as a
"proximity touch", whereas a status that the pointer sub-
stantially comes in contact with the touch screen will be
referred to as a "contact touch". For the position corre-
sponding to the proximity touch of the pointer on the touch
screen, such position corresponds to a position where
the pointer faces perpendicular to the touch screen upon
the proximity touch of the pointer.

[0219] The proximity sensor senses proximity touch,
and proximity touch patterns (e.g., distance, direction,
speed, time, position, moving status, etc.). Information
relating to the sensed proximity touch and the sensed
proximity touch patterns may be output onto the touch
screen.

[0220] The audio output module 252 may output audio
data received from the wireless communication unit 210
or stored in the memory 260, in a call-receiving mode, a
call-placing mode, a recording mode, a voice recognition
mode, a broadcast reception mode, and so on. The audio
output module 252 may output audio signals relating to
functions performed in the terminal 200, e.g., sound
alarming a call received or a message received, and so
on. The audio output module 252 may include a receiver,
a speaker, a buzzer, and so on.

[0221] The alarm 253 outputs signals notifying the oc-
currence of an event from the terminal 200. The event
occurring from the terminal 100 may include call re-
ceived, message received, key signal input, touch input,
and so on. The alarm 253 may output not only video or
audio signals, but also other types of signals such as
signals notifying occurrence of events in a vibration man-
ner. Since the video or audio signals can be output
through the display unit 251 or the audio output unit 252,
the display unit 251 and the audio output module 252
may be categorized into part of the alarm 253.

[0222] The haptic module 254 generates various tac-
tile effects which a user can feel. A representative exam-
ple of the tactile effects generated by the haptic module
254 includes vibration. Vibration generated by the haptic
module 254 may have a controllable intensity, a control-
lable pattern, and so on. For instance, different vibration
may be output in a synthesized manner or in a sequential
manner.

10

15

20

25

30

35

40

45

50

55

17

[0223] The haptic module 254 may generate various
tactile effects, including not only vibration, but also ar-
rangement of pins vertically moving with respect to a skin
being contacted, air injection force or air suction force
through an injection hole or a suction hole, touch by a
skin surface, presence or absence of contact with an
electrode, effects by stimulus such as an electrostatic
force, reproduction of cold or hot feeling using a heat
absorbing device or a heat emitting device, and the like.
[0224] The haptic module 254 may be configured to
transmit tactile effects through the user’s direct contact,
or the user’s muscular sense using a finger or a hand.
The haptic module 254 may be implemented in two or
more in number according to the configuration of the ter-
minal 200.

[0225] The memory 260 may store a program for the
processing and control of the controller 280. Alternative-
ly, the memory 260 may temporarily store input/output
data (e.g., phonebook data, messages, still images, vid-
eo and the like). Also, the memory 260 may store data
related to various patterns of vibrations and audio output
upon the touch input on the touch screen.

[0226] In some embodiments, software components
including an operating system (not shown), a module per-
forming a wireless communication unit 210 function, a
module operating together with the user input unit 230,
a module operating together with the A/V input unit 220,
amodule operating together with the output unit 250 may
be stored in the memory 260. The operating system (e.g.,
LINUX, UNIX, OS X, WINDOWS, Chrome, Symbian,
iOS, Android, VxWorks, or other embedded operating
systems) may include various software components
and/or drivers to control system tasks such as memory
management, power management, and the like.

[0227] In addition, the memory 260 may store a setup
program associated with contactless power transfer or
wireless charging. The setup program may be imple-
mented by the controller 280.

[0228] Furthermore, the memory 260 may store an ap-
plication associated with contactless power transfer (or
wireless charging) downloaded from an application pro-
viding server (for example, an app store). The wireless
charging related application is a program for controlling
wireless charging transmission, and thus the electronic
device (or wireless power receiver) 200 may receive pow-
er from the wireless power transmitter 100 in a wireless
manner or establish connection for data communication
with the wireless power transmitter 100 through the rel-
evant program.

[0229] The memory 260 may be implemented using
any type of suitable storage medium including a flash
memory type, a hard disk type, a multimedia card micro
type, a memory card type (e.g., SD or xD memory), a
random access memory (RAM), a static random access
memory (SRAM), a read-only memory (ROM), an elec-
trically erasable programmable read-only memory (EEP-
ROM), a programmable read-only memory (PROM), a
magnetic memory, a magnetic disk, an optical disk, and
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the like. Also, the terminal 200 may be operated in asso-
ciation with a web storage performing the storage func-
tion of the memory 150 on the Internet.

[0230] The interface unit 270 may generally be imple-
mented to interface the portable terminal with all external
devices. The interface unit 270 may allow a data recep-
tion from an external device, a power delivery to each
component in the terminal 200, or a data transmission
from the terminal 200 to an external device. The interface
unit 270 may include, for example, wired/wireless head-
set ports, external charger ports, wired/wireless data
ports, memory card ports, ports for coupling devices hav-
ing an identification module, audio input/output (I/O)
ports, video input/output (I/O) ports, earphone ports, and
the like.

[0231] The identification module may be configured as
a chip for storing various information required to authen-
ticate an authority to use the terminal 200, which may
include a User Identity Module (UIM), a Subscriber Iden-
tity Module (SIM), and the like. Also, the device having
the identification module (hereinafter, referred to as
"identification device") may be implemented in a type of
smart card. Hence, the identification device can be cou-
pled to the terminal 200 via a port.

[0232] Also, the interface unit may serve as a path for
power to be supplied from an external cradle to the ter-
minal 200 when the terminal 100 is connected to the ex-
ternal cradle or as a path for transferring various com-
mand signals inputted from the cradle by a user to the
terminal 200. Such various command signals or power
inputted from the cradle may operate as signals for rec-
ognizing that the terminal 200 has accurately been
mounted to the cradle.

[0233] The controller 280 typically controls the overall
operations of the terminal 200. For example, the control-
ler 280 performs the control and processing associated
with telephony calls, data communications, video calls,
and the like. The controller 280 may include a multimedia
module 281 for multimedia playback. The multimedia
module 281 may be implemented within the controller
280, or implemented separately from the controller 280.
[0234] The controller 280 can perform a pattern rec-
ognition processing so as to recognize a writing input or
image drawing input carried out on the touch screen as
a text or image.

[0235] The controller 280 performs wired or wireless
charging according to the user input or internal input.
Here, the internal input represents a signal for notifying
that an induced current generated from a secondary coll
within the terminal has been detected.

[0236] When the foregoing wireless chargingis carried
out, an operation of allowing the controller 280 to control
each constituent element will be described in detail below
with reference to the operation phase in FIG. 14. As de-
scribed above, the power reception control unit (or power
receiving control unit) 292 within the power supply unit
290 may be implemented to be included in the controller
280, and in the present disclosure, it should be under-
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stood that the controller 280 performs the operation by
the power reception control unit (or power receiving con-
trol unit) 292.

[0237] The powersupply unit290 receivesinternal and
external power under the control of the controller 280 to
supply power required for the operation of each constit-
uent element.

[0238] The power supply unit 290 is provided with a
battery 299 for supplying power to each constituent ele-
ment of the terminal 200, and the battery 299 may include
a charger (or charging unit) 298 for performing wired or
wireless charging.

[0239] The present disclosure discloses a mobile ter-
minal as an example of the apparatus for receiving power
in a wireless manner, but it would be easily understood
by those skilled in the art that the configuration according
to the embodiment disclosed herein may be applicable
to a stationary terminal, such as a digital TV, a desktop
computer, and the like, excluding a case where it is ap-
plicable to only the mobile terminal.

[0240] FIG. 11is a front perspective view of a wireless
power transmitter 300 according to an embodiment of
the present invention.

[0241] A body 303 of the wireless power transmitter
300 comprises a case (casing, housing, cover, etc.)
which forms the appearance of the wireless power trans-
mitter. In this embodiment, the case may include a front
case 301 and a rear case 302. A space formed by the
front case 301 and the rear case 302 may accommodate
various components therein. At least one intermediate
case may be additionally disposed between the front
case 301 and the rear case 302.

[0242] Such cases may be formed by injection-molded
synthetic resin, or may be formed using a metallic mate-
rial such as stainless steel (STS) or titanium (Ti).
[0243] On the body 303, may be disposed an output
unit such as a display unit 341 or an audio output unit
342, a user input unit 360, a socket 389 for supplying
power to the body 303, an interface (not shown) to which
an external device is coupled, etc.

[0244] Thedisplay unit 341 may be formed on an upper
surface of the front case 301. The user input unit 360,
the socket 389, etc. may be disposed on side surfaces
of the front case 301 and the rear case 302.

[0245] The user input unit 360 is manipulated to re-
ceive a command for controlling the operation of the mo-
bile terminal 100, and may include a plurality of manip-
ulating units 361 and 362. The manipulating units 361
and 362 may be referred to as 'manipulating portions’,
and may include any type of ones that can be manipu-
lated in a user’s tactile manner.

[0246] Contentsinputby the first manipulating unit 361
or the second manipulating unit 362 may be set in various
manners. For instance, the first manipulating unit 361
may be configured to input commands such as starting
and ending a wireless charging operation. And the sec-
ond manipulating unit 362 may be configured to input
commands such as controlling the size of a sound output
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from the audio output unit 342, or controlling brightness
of the display unit 341.

[0247] A mounting surface 301a, which is configured
to mount thereon an electronic device 200 to be charged,
is formed on an upper surface of the body 303. Once the
electronic device 200 is disposed on the mounting sur-
face 301a, a sensor of the body 303 may sense the
mounted state of the electronic device 200. Then, the
electronic device 200 may be wirelessly charged.
[0248] FIG. 12is an exploded perspective view of FIG.
11.Referring toFIG. 12, a coilmodule 370, a circuit board
355 and a blowing module 325 (refer to FIGS. 13A and
13B) may be disposed at a space formed between the
front case 301 and the rear case 302.

[0249] As aforementioned, once the electronic device
200 is disposed on the mounting surface 301a, the caoil
module 370 transmits power to the electronic device 200
in a wireless manner.

[0250] The coil module 370 may include a fixing plate
372 and a coil 371. The coil module 370 may be fixed to
the rear case 302 by the fixing plate 372. The fixing plate
372 may be formed of a material having high thermal
conductivity, so that heat generated from the coil 371 can
be emitted to outside of the rear case 302. Part of the
rear case 302, which is covered by the fixing plate 372,
may include one or more openings so as to facilitate ra-
diation of heat from the fixing plate 372.

[0251] The coil 371 may be formed as atleast one con-
ductive line is wound on a cylindrical body. A magnet 373
may be disposed on an inner circumferential surface of
a cylindrical coil according to a wireless charging type.
[0252] The circuit board 355 is disposed near the coil
module 370. The circuit board 355 includes various types
of devices, and generates a wireless power signal if pow-
er is supplied thereto. Then, the circuit board 355 pro-
vides the generated wireless power signal to the coilmod-
ule 370. For generation of a wireless power signal, the
circuit board 355 may include one or more devices which
constitute a power converter, a power transmission con-
troller or a modulation/demodulation unit.

[0253] The blowing module 325 is configured to dis-
charge a fluid toward a guide module 380. For instance,
the blowing module 325 may discharge a fluid under a
structure where a fan is installed in a housing and the
fan is rotated by a motor. However, in this case, noise
may occur. Further, the motor and the fan should be
formed to have a size more than a prescribed value, for
cooling efficiency. This may cause a limitation in design-
ing the motor and the fan.

[0254] The blowing module 325, configured to dis-
charge a fluid by transforming a diaphragm 325b in a
curved manner by a piezoelectric device (refer to FIG.
14), may be applied to the wireless power transmitter 300
according to the present invention. The blowing module
325 is configured to discharge a fluid when supplied with
an external voltage, by up-down moving part of the dia-
phragm 325b disposed in the housing, using an actuator
including a piezoelectric device. As the diaphragm 325b,
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a metallic plate having a high Young’s modulus may be
used.

[0255] The fluid may be air or cooling water.

[0256] FIGS. 13A and 13B are perspective views of
the front case 301 of FIG. 11.

[0257] AsshowninFIGS. 13A and 13B, the guide mod-
ule 380 may be integrally formed with the case 301 to
thus form a passage of a fluid, so that heat generated
from the coil module 370 can be discharged to outside
of the body 303. The guide module 380 may be extended
up to outside of the body 303 through the blowing module
325 and the coil module 370, sequentially. One or more
openings 383 may be penetratingly formed at the front
case 301 and the rear case 302 which constitute the body
303. The guide module 380 may be configured to dis-
charge heat generated from inside of the body 303 to
outside through the opening 383. That s, the guide mod-
ule 380 is formed so that a fluid from the blowing module
325 can be discharged to outside of the body 303 after
cooling the coil module 370.

[0258] The guide module 380 may be integrally formed
with one of the front case 301 and the rear case 302
which implement the appearance of the body 303.
[0259] The guide module 380 may comprise a coil cool-
ing portion 381 and a circuit board cooling portion 382.
[0260] The coil cooling portion 381 has a shape corre-
sponding to an outer circumference of the coil 371. In
this case, the coil cooling portion 381 may be formed to
enclose the outer circumference of the coil 371. For in-
stance, as shown in FIG. 13A, the coil cooling portion
381 may have a shape as partition walls 381a and 381b
thereof are protruding from the front case 301, and the
coil 371 may be disposed at a space formed between
the partition walls 381a and 381b. In this case, an inner
wall 381a of the coil cooling portion 381 may be formed
of a material having high thermal conductivity. Under
such configuration, heat generated from the coil 371 can
be transferred to the coil cooling portion 381.

[0261] As shown in FIG. 13B, a region on one surface
of the front case 301 may berecessed in correspondence
to the coil 371, thereby forming a space. The coil 371
may be disposed at the space.

[0262] As shown in FIG. 13A, the coil cooling portion
381 may be provided with an inner wall 381a and an outer
wall 381b. Alternatively, as shown in FIG. 13B, the coil
cooling portion 381’ may be provided with only an outer
wall.

[0263] Still alternatively, the coil cooling portion 381
may be configured as an annular pipe, and part of the
coil cooling portion 381 contacting the coil 371 may be
formed of material having high thermal conductivity. Un-
der such configuration, heat generated from the coil 371
may be transferred to the coil cooling portion 381.
[0264] One side of the coil cooling portion 381 may be
communicated with the blowing module 325, and another
side thereof may be communicated with the circuit board
cooling portion 382. Under such configuration, a fluid
generated from the blowing module 325 may be intro-
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duced to one side of the coil cooling portion 381. Then,
the fluid may be discharged to another side of the caill
cooling portion 381 to be connected to the circuit board
cooling portion 382, while moving with enclosing the coil
371. Therefore, a fluid introduced to one side of the coil
cooling portion 381 from the blowing module 325 may
move along the coil cooling portion 381 to thus be dis-
charged to another side of the coil cooling portion 381.
That is, the coil cooling portion 381 may be a passage
along which a fluid discharged from the blowing module
325 moves to the circuit board cooling portion 382.
[0265] One side of the circuit board cooling portion 382
may be connected to the coil cooling portion 381, and
another side thereof may be connected to the opening
383 of the case. The circuit board cooling portion 382
may be a passage along which a fluid from the coil cooling
portion 381 is discharged to outside of the body 303
through the opening 383.

[0266] The circuit board cooling portion 382 may be
configured as a pipe. Alternatively, the circuit board cool-
ing portion 382 may be configured as a pair of ribs 382a
and 382b protruding from one surface of the case. Here,
a space formed by the case 301, the ribs 382a and 382b,
and the circuit board 355 may define a passage through
which a fluid moves.

[0267] In order to increase a moving speed of a fluid
inside the guide module, a sectional surface of the coil
cooling portion may be variable according to a position.
Generally, the larger a sectional area is, the slower a fluid
moves. However, as a sectional area is increased, a con-
tact area is increased to enhance cooling efficiency. For
instance, if part of the coil cooling portion adjacent to the
blowing module has a first sectional area, part of the coil
cooling portion contacting the circuit board cooling por-
tion may have a second sectional area larger than the
first sectional area. The reason is in order to enhance
cooling efficiency even if a moving speed of a fluid is
slow. The circuit board cooling portion contacting the coil
cooling portion having the second sectional area may be
configured so that its sectional area can be increased or
decreased toward one side. That is, for control of a mov-
ing speed of a fluid, the circuit board cooling portion may
have its sectional area gradually increased or decreased
toward a direction far from the coil cooling portion.
[0268] FIG. 14 is a sectional view taken along line ’IV-
IV in FIG. 11.

[0269] Referring to FIG. 14, once the blowing module
325 operates, a fluid is discharged from the blowing mod-
ule 325 to thus be discharged to outside of the body 303
through the guide module 380.

[0270] The fluid discharged from the blowing module
325 primarily cools the coil module 370 while passing
through the coil cooling portion 381. Then, the fluid sec-
ondarily cools the circuit board cooling portion 382 while
passing through the circuit board cooling portion 382 con-
nected to the coil cooling portion 381.

[0271] In a case where the coil cooling portion 381 is
formed to have a ring shape and a partition wall is formed
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between the coil cooling portion 381 and the coil 371, the
fluid discharged to the guide module 380 may cool heat
transferred to the partition wall.

[0272] On the other hand, in a case where no partition
wall is formed between the coil cooling portion 381 and
the coil 371 as the coil cooling portion 381 is concaved
from one surface of the front case 301, the fluid dis-
charged to the guide module 380 may cool the coil 371
with directly contacting the coil 371.

[0273] FIG. 15is a conceptual view illustrating a cou-
pled state of a pad 385 to the front case of FIG. 13.
[0274] The guide module 380 is integrally formed with
the front case 301, and the circuit board cooling portion
382 is disposed to cover at least part of the circuit board
355.

[0275] The pad 385 may be disposed between the cir-
cuit board 355 and the circuit board cooling portion 382,
so that heat generated from the circuit board 355 can be
smoothly discharged to outside of the body 303. The pad
385 may be formed of a material having high thermal
conductivity for enhanced heat transfer from the circuit
board 355 to the circuit board cooling portion 382.
[0276] One surface of the pad 385 may be disposed
to cover part of the circuit board 355, and another surface
thereof may contact the circuit board cooling portion 382.
In this case, at least part of the pad 385 may be disposed
between the circuit board cooling portion 382 and the
circuit board 355. That is, if the circuit board cooling por-
tion 382 is configured in the form of a groove, the pad
385 is disposed to cover the groove. In this case, the pad
385 may be disposed so that a fluid can pass through a
space between the pad 385 and the front case 301.
[0277] Cooling efficiency of the wireless power trans-
mitter 300 according to the preferred embodiment where
both of the blowing module 325 and the guide module
380 are provided, was compared with that of a wireless
power transmitter according to a comparative embodi-
ment where only the blowing module 325 is provided. As
experimental results, temperature of the coil module 370
was increased up to about 62°C in the comparative em-
bodiment when the electronic device 200 is charged,
while temperature of the coil module 370 was increased
up to about 47°C in the preferred embodiment. Further,
temperature of the circuit board 355 was increased up
to about 40°C in the comparative embodiment when the
electronic device 200 is charged, while temperature of
the circuit board 355 was increased up to about 29°C in
the preferred embodiment.

[0278] FIG. 16 is a modification embodiment of a wire-
less power transmitter, which illustrates an example of
the blowing module 325 configured to be rotatable. As
shown in FIG. 16, a blowing module 325’ may be coupled
to a supporting plate 326 fixed to one of the front case
301 and the rear case 302. More specifically, a shaft 327
is protruding toward two sides of a housing of the blowing
module 325’, and the shaft 327 is coupled to the support-
ing plate 326. Under such configuration, the blowing
module 325 can rotate around the shaft 327.
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[0279] Although not shown, a diaphragm 325b may be
rotatably coupled to the supporting plate 326.

[0280] As the blowing module 325 is configured to be
rotatable, a discharge amount of a fluid to the guide mod-
ule 380 per unitary hour can be increased.

[0281] FIG. 17 is stillanother modification embodiment
of a wireless power transmitter, which illustrates an ex-
ample where an outer guide is formed at the front case.
[0282] If temperature of the wireless power transmitter
300 is increased, temperature of the electronic device
200 attached to the wireless power transmitter 300 may
be also increased.

[0283] This embodiment is configured to prevent the
temperature increase of the electronic device 200 due to
the wireless power transmitter 300.

[0284] ReferringtoFIG. 17, protrusion 301care formed
on a mounting surface 301a of the front case 301, the
mounting surface 301a on which the electronic device
200 is positioned. Due to the protrusions 301c, the elec-
tronic device 200 can be spaced from the front case 301.
This can reduce heat transfer from the wireless power
transmitter 300 to the electronic device 200 resulting from
direct contact therebetween.

[0285] Further, due to the protrusions 301c, a contact
area between the wireless power transmitter 300 and the
electronic device 200 can be reduced.

[0286] Thefrontcase 301 may further comprise an out-
er guide 301b so that part of a fluid discharged from the
blowing module 325 can be discharged to a space be-
tween the electronic device 200 and the front case 301.
[0287] The outer guide may guide air discharged from
the blowing module 325 to be discharged to a space be-
tween the protrusions 301c. Under such configuration,
the amount of heat transferred to the electronic device
200 from the wireless power transmitter 300 can be sig-
nificantly reduced.

[0288] Various embodiments described herein may be
implemented in a computer-readable medium using, for
example, software, hardware, or some combination
thereof.

[0289] For a hardware implementation, the embodi-
ments described herein may be implemented within one
or more of Application Specific Integrated Circuits
(ASICs), Digital Signal Processors (DSPs), Digital Signal
Processing Devices (DSPDs), Programmable Logic De-
vices (PLDs), Field Programmable Gate Arrays (FP-
GAs), processors, controllers, micro-controllers, micro
processors, other electronic units designed to perform
the functions described herein, or a selective combina-
tion thereof. In some cases, such embodiments may be
implemented by the controller 180 or the power trans-
mission control unit 112 of the wireless power transmitter
100.

[0290] Forsoftware implementation, the embodiments
such as procedures and functions may be implemented
together with separate software modules each of which
performs at least one of functions and operations. The
software codes can be implemented with a software ap-
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plication written in any suitable programming language.
Also, the software codes may be stored in the memory
150 of the wireless power transmitter 100, and executed
by the controller 180 or the power transmission control
unit 112.

[0291] It is obvious that the configuration of the wire-
less power transmitter according to the presentinvention
may be also applicable to a docking station, a terminal
cradle device, and other electronic device, except for a
case where the configuration of the wireless power trans-
mitter is applicable only to a wireless charger.

[0292] The foregoing embodiments and advantages
are merely exemplary and are not to be considered as
limiting the present disclosure. The present teachings
can be readily applied to other types of apparatuses. This
description is intended to be illustrative, and not to limit
the scope of the claims. Many alternatives, modifications,
and variations will be apparent to those skilled in the art.
The features, structures, methods, and other character-
istics of the exemplary embodiments described herein
may be combined in various ways to obtain additional
and/or alternative exemplary embodiments.

[0293] As the present features may be embodied in
several forms without departing from the characteristics
thereof, it should also be understood that the above-de-
scribed embodiments are not limited by any of the details
of the foregoing description, unless otherwise specified,
but rather should be considered broadly within its scope
as defined in the appended claims, and therefore all
changes and modifications that fall within the metes and
bounds of the claims, or equivalents of such metes and
bounds are therefore intended to be embraced by the
appended claims.

Claims
1. A wireless power transmitter comprising:

a body (303) having a coil module (370) therein,
the coil module being configured to transmit
power in a wireless manner;

a blowing module (325, 325’) configured to cool
the coil module by blowing a fluid past the coil;
and

a guide module (380) extending from the blow-
ing module to an outside of the body such that
the fluid from the blowing module is discharged
outside of the body after cooling the coil module,
the guide module having a shape that at least
partially corresponds to an outer circumference
of the coil module.

2. The wireless power transmitter of claim 1, wherein
the body includes a front case and a rear case, and
wherein the guide module is formed on an inner sur-
face of the front case.
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The wireless power transmitter of any one of claims
1to 2, wherein the coil module includes a fixing plate
(372) fixed to the rear case and a coil disposed on
the fixing plate.

The wireless power transmitter of any one of claims
1 to 2, wherein the front case includes protrusions
(301c) configured to support an electronic device
thereon in a spaced relationship from other portions
of the front case during wireless power transfer.

The wireless power transmitter of claim 4, wherein
the front case includes an outer guide (301b) con-
figured to guide the fluid discharged from the blowing
module through an opening of the front case to be
discharged to a space between the electronic device
and the outer surface of the front case.

The wireless power transmitter of any one of claims
1 to 5, further comprising a circuit board having one
or more devices configured to supply wireless power
signals to the coil module.

The wireless power transmitter of claim 6, wherein
the guide module includes a coil cooling portion (381,
381’) configured to cool the coil module and a circuit
board cooling portion configured to cool the circuit
board.

The wireless power transmitter of claim 7, wherein
the coil cooling portion is formed as a ring shape to
enclose an outer circumference of the coil of the coll
module, and

wherein one side of the coil cooling portion is in com-
munication with the blowing module and another side
of the coil cooling portion is in communication with
the circuit board cooling portion.

The wireless power transmitter of claim 8, wherein
the circuit board cooling portion includes a pair of
ribs (382a, 382b) protruding from an inner surface
of the body.

The wireless power transmitter of claim 7, further
comprising a pad (385) disposed between the circuit
board and the circuit board cooling portion such that
heat generated from the circuit board is transferred
to the circuit board cooling portion.

The wireless power transmitter of claim 10, wherein
the circuit board cooling portion includes a pair of
ribs (382a, 382b) protruding from an inner surface
of the body, and

wherein at least part of the pad is disposed between
the ribs.

The wireless power transmitter of any one of claims
1to 11, wherein the blowing module includes a hous-
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ing and a diaphragm configured to move up and
down in the housing when supplied with a voltage.

The wireless power transmitter of claim 12, wherein
the blowing module is formed to be rotatable at a
prescribed angle with respect to the guide module
so as to blow the fluid.

The wireless power transmitter of any one of claims
1 to 13, wherein the body includes a display unit and
a mounting unit configured to support an electronic
device during wireless power transfer, and

wherein a size of the display unit is smaller than a
size of the mounting unit.

The wireless power transmitter of any one of claims
1 to 14, wherein the body includes a power socket
configured toreceive power externally from the body.
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